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The study is aimed at investigating the effects of engine parameters on the perfor-
mance and emission characteristics of a single cylinder 5.2 kW diesel engine. The
experiments were designed using a statistical tool known as design of experiments
basedonTaguchi.Fiveparameters,namely,power,staticinjectionpressure,injec-
tion timing, fuel fraction, and compression ratio were varied at four levels and the
responses brake power, fuel economy, and emissions were investigated. The opti-
mum values of the response could be predicted using signal – noise ratio and opti-
mum combination of control parameters were specified. Results of confirmation
tests showed good agreement with predicted quantities. A compression ratio of
17.7, blend of 20% karanja biodiesel, an injection pressure of 230 bar, injection
timing of 27°beforetop deadcentreandat 70%load werefound to beoptimal val-
ues for the karanja biodiesel blended diesel fuel operation in the test engine.
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Introduction
The tremendous growth of vehicular population of the world has led to a steep rise in
the demand for petroleum products. Biodiesel such as jatropha, karanja, sunflower, rapeseed,
are some of the popular biodiesel currently considered as substitute for diesel. These are clean
burning, renewable, non-toxic, biodegradable, and environmentally friendly transportation fu-
elsthatcanbeusedinneatformorinblendswithpetroleumderivedindieselengines.Vegetable
oils performance is similar to that obtained with diesel oil as per the experiments carried out by
many research workers. Vegetable oil esters particularly karanja appear to be best alternative
fuel to diesel.
When biodiesel isused asasubstitute fordiesel, itishighly essential tounderstand the
parameters that affect the combustion phenomenon which will in turn have direct impact on
thermalefficiency and emission.Inthe present energyscenario lot ofeffortsisbeing focused on
improving the thermal efficiency of internal combustion (IC) engines with reduction in emis-
sions [1-3].
Direct injection diesel engines occupy an important place in the developing countries
since they power agricultural pumps, small power tillers, light surface transport vehicles and
other machineries. The problem of increasing demand for high brake power and the fast deple-
tion ofthe fuels demandsevere controls on power and ahigh level offuel economy.Many inno-
vative technologies are developed to tackle these problems. Modification is required in the ex-
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* Corresponding author; e-mail: sivaporkodi2000@yahoo.co.inisting engine designs. Some optimization approach has to be followed so that the efficiency of
the engine is not comprised. As far as the IC engines are concerned the thermal efficiency and
emissionis the important parametersforwhich the other design and operating parametershas to
be optimized. The most common optimization techniques used for engine analysis are response
surface method, grey relational analysis [4], non-linear regression [5], genetic algorithm [6],
and Taguchi method, Taguchi technique has been popular for parameter optimization in design
of experiments.
Design of experiments (DOE) has introduced the loss function concept which com-
bines cost, target and variations into one metric. The signal to noise ratio (S/N) is a figure of
merit and relates inversely to the loss function. It is defined as the ratio of the amount of energy
for intended function to the amount of energy wasted [7].
Orthogonal arrays are significant parts of Taguchi methods. Instead of one factor at a
time variation all factors are varied simultaneously as per the design array and the response val-
ues are observed. It has the ability to evaluate several factors in a minimum number of tests.
DOE approach is cost effective and the parameters are varied simultaneously and then through
statistical analysis the contribution of individual parameters towards the response value ob-
served also could be found out. The engine operating parameters play an important role to re-
duce the emissions the design and operating parameters are the main factors responsible for the
engine emissions and fuel economy. The fuel injection parameters like injection valve opening
pressure and the compression ratio (CR) also have influence on emissions and fuel economy. In
this work DOE approach is used to find the effect of design and operating parameters on brake
power and specific fuel consumption (BSFC).
The effect of the parameters – injection pressure (IP), CR, load and engine speed on
brakepower,andsmokewereinvestigated [8].Anincrease inIPcontributes tofueleconomyby
improved mixing [9]. Simultaneous reduction of NOx and particulate emissions were reported
by combining the varying CR and retarded injection timing (IT) [10]. Optimal combination of
designandoperatingparameterswereidentified thatcanregulateemissionsandimproveBSFC.
Foridentifying theoptimalcombinationofinjection schedule andfuelsprayconeangle,genetic
algorithm process was used [11]. The effect of changes in the operating parameters like, piston
to head clearance, IP, start of IT on emissions were studied using Taguchi design of experiment
methods.Thismethodwasfoundtobeusefulforsimultaneousoptimization[12].Ithasbeenob-
served that amongthe various factors relevant to diesel combustion, fuel injection plays a major
role in the fuel air mixing and combustion process thus determining the exhaust emissions [13].
ItwasalsoobservedthattheITandinjection rateplayamajorroleinbrakepoweradvancing the
IT by 3° CA for B20 fuel has given better performance and emissions [14]. Using design of ex-
periment method and factorial design the percentage contributions of the effect of parame-
ters-speed, load, IT plunger diameter, nozzle valve opening pressure, nozzle hole diameter,
numberof nozzle holes, and nozzle tip protrusion wereinvestigated on engine noise, emissions,
and BSFC [15].The IT plays an important role in determining engine performance, especially
pollutant emissions[16]. Without considering the combustion parametersengine design and op-
erating parameters can be optimized and engine efficiency can be increased by applying
Taguchi method[17]. Itisknown fromDOEprocedure that forfiveparameterswithfourlevels,
the number of trial runs will be 625. In this present work an attempt is madeto carry out an opti-
mization analysis of direct injection diesel engine run by karanja biodiesel using a model in
combination with Taguchi method.
Implementation of biodiesel in India will lead to manyadvantages like green cover to
waste land, support to agriculture, and rural economy and reduction in dependence on imported
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tively yielding oilseeds from the third years onwards, rapid growth, easy propagation, life span
of 40 years and suitable for tropical and subtropical countries like India [19].The maximum
thermal efficiency for B20 (31.28%) was higher than that of diesel at full load using karanja oil
[20].Ithasbeenobservedfromtheliteraturereview,thatbothbio-diesel-diesel blendsandoper-
ating parameters have lot of influence on engine performance, and exhaust emissions. But the
effects of operating conditions such as IP,IT, CR on the engine performance, and exhaust emis-
sions ofadiesel engine using biodiesel have not been clearly studied. Therefore this focus ofre-
search is about modification on engine parameters for the best output using optimization tech-
niques.
Experimental details and methodology
Fuel preparation
Pongamia biodiesel was prepared through transesterification process from pongamia
oil which was extracted from the seeds of pongamia tree. The formation of methyl esters by
transesterification of vegetable oil requires raw oil. 15% of methanol and 5% of sodium or po-
tassium hydroxide on mass basis. However the transesterification process requires excess alco-
hol to drive the the reaction very close to completion. A reaction time of 45 min to an hour and
reaction temperaturesof55-65 °Cwererequired forcompletion ofreaction and formationofes-
ters.Themixturewasstirredcontinuously andthenallowedtosettleundergravityinaseparting
funnel. Two distinct layers found after gravity in a settling for 24 hours. The upper layer was of
ester and the lower layer was of glycerol. The lower layer was separated out and the separated
ester was mixed with some distilled water to remove the catalyst present in ester and allowed to
settle under gravity for another 24 hours. The catalyst not dissolved in water, which was sepa-
rated and removed the moisture. The biodiesel thus produced through the above process was
blended with diesel. The fuel blend was prepared just before commencing the experiments to
ensure the mixture homogeneity. The properties of the fuel blend and diesel have been deter-
mined as per the ASTM standards in an analytical lab. The fatty acid composition and fuels
properties were tested using standard measuring devices shown in tabs. 1, 2, and results are
shown in tab. 3.
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Table 1. Fatty acid composition
of akranja oil
Fatty acid Percentage
Palmitic acid 11.65
Stearic acid 7.50
Oleic acid 51.59
Linoleic acid 16.64
Eicosanic acid 1.35
Docosanoic acid 4.45
Tetracosanoic acid 1.09
Table 2. Measuring devices and test methods for
measuring fuel properties
Properties Measurement
apparatus
Standard test
method
Density Hydrometer ASTM D941
Flash & fire point Penksy-Martens apparatus ASTM D93
Calorific value Bomb calorimeter ASTM D240
Viscosity Red wood viscometer ASTM D445
Cetane number Ignition quality tester ASTM D613Table 3. Properties of biodiesel-blends-karanja
Biodiesel
Kinematic
viscosity
[mm2s–1]
n
Heating value
[MJkg–1]
HV
Flash point
[°C]
FP
Density
[kgl–1]
r
Cetane
number
B0 2.71 42.5 55 0.836 51.00
B20 4.01 41.5 65 0.849 51.70
B40 5.23 39.9 77 0.858 52.82
B60 6.72 38.7 88 0.862 53.15
B80 8.19 37.0 101 0.878 53.86
B100 9.60 35.9 114 0.900 54.53
Experimental set-up
The experimental set-up consists of a direct injection single cylinder four stroke cycle
diesel engine connected to an eddy current type dynamometer for loading. It is provided with
necessary instruments for pressure and
CA measurements. These signals are in-
terfaced to computer through engine in-
dicator for P-q and PV diagrams. Provi-
sion is also made for interfacing air flow,
fuel flow, temperatures, and load mea-
surements. This set-up has stand-alone
panel box consisting of air-flow, fuel
measuring unit, transmitters for air and
fuel flow measurements, process indica-
tor and engine indicator. Rotameters are
provided for cooling water and calorime-
terwaterflowmeasurementdetails ofthe
engine specification are shown in tab. 4.
The signals from the combustion pres-
sure sensor and the CA encoder are inter-
faced to a computer for data acquisition.
The control module system was used to
control the engine load, monitor the en-
gine speed, and measure the fuel con-
sumption.Windowsbasedengine perfor-
mance analysis software package
“Engine soft” is provided for online per-
formance evaluation. HC, CO, CO2, and
K (air surplus rate) NOx emissions were
measured with an infra red gas analyzer
with an accuracy shown in tabs. 5 and 6.
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Table 4. Engine specification
Make and model Kirloskar model TV 1
Engine type Single cylinder four stroke
direct injection
Bore  stroke 87.5  110 mm
Maximum power output 5.2.kW at 1500 rpm
Displacement 661 cc
CR 17.5
Loading Eddy current dynamometer,
water cooling
Fuel injection 23 bTDC
Engine speed 1500 rpm
Software used Engine soft
Governor type Mechanical centrifugal type
Eddy current dynamometer
Model AG-10
Type Eddy current
Maximum 7.5 kW at 1500-3000 rpmProcedure
CR is altered by adding different
numberofgaskets between the cylin-
der head and the block since this
method does not need major modifi-
cation in the engine. In this study the
number of gaskets has been in-
creased fromthe original one tomax-
imum modification of four gaskets.
The static IT was altered by ad-
justing the number of shims under
the seat of the mounting flange of the
fuel pump. When the number of
shimswasadded timingwasretarded
and vice versa. Procedure of mea-
surement of static IT as follows: The
tank is filled with the fuel in the tank
is about 10 cm above the testing device. The TDC position is marked on the flywheel by bring-
ing the position to the top most position of the cylinder .Then the flywheel is turned in
anticlockwise direction till the fuel reaches the testing device. This operation is repeated to note
down exactly the movement at which the fuel moves through the testing device hole by slowly
rotating the flywheel and stopped immediately. Then the flywheel is brought back by 5 mm.
This position is marked on the flywheel and that position is called as static IT, thus the static IT
of the engine can be checked with the manufactures set value. Similar procedure is adopted to
measure the static IT when the shims are added or removed to vary the timing in comparison
withtheoriginalIT.Thecurvilineardistancesontheflywheelaremeasuredbyusingthreadthen
the IT angle was calculated in relation with the original IT angle the accuracy of measurement
will be 1°. Thickness ofone shim,located in connection place between engine and fuel pump,is
0.20 mm and adding or removing one shim changes the IT 2°, this exercise was repeated five
times to get the correct timings in terms of CA [21].
Variation ofstatic IPisachieved byaltering thespring stiffnessofthenozzle. Aprovi-
sion is made with a bolt arrangement to alter the spring stiffness.
A separate loading unit is provided in the experimental set-up which controls the op-
posing current to the eddy current developed in the eddy current dynamometer.Adimmerstat is
provided which varies the current and thus different load could be applied. As the test engine
usedisaconstantspeedenginetheloadtestcouldbeconducted fromnoloadtofullloadonlyby
varying the load torque. Hence it is considered as a test parameter.
Taguchi procedure
The Taguchi method provides simple and effective solutions for investigating the ef-
fect of parameters on the performance as well as in the experimental planning [22]. In this
method, (S/N) ratio is used to represent a performance characteristic and the largest value of the
S/N ratio is required. There are three types of S/N ratios: the-lower-the-better, the-higher-the
better, and more-the-nominal-the-better.
The criteria for optimization of the response parameters was based on the smaller the
better S/N ratio:
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Table 5. Exhaust gas analyzer specification
Measuring
item
Measuring
method
Measuring
range Resolution
CO NDIR 0-9.99% 0.01%
HC NDIR 0-5000 ppm 1 ppm
NOx Electrochemical 0-5000 ppm 1 ppm
Table 6. Accuracies of the measurements and
the uncertainties in the calculated results
Fuel [g] Accuracy = ±1 g
Time [s] Accuracy = ±0.5%
Torque [Nm] Uncertainty = ±1%
P [kW] Uncertainty = ±1.41%S
Nr
yi
i
r
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 	
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1
log (1)
where yi represents the measured value of the response variable i.
The S/N ratio with the higher – the-better characteristic can be expressed as:
S
Nr y i i
r
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
	
 
 10 11
2
1
log (2)
where yi represents the measured value of the response variable.
The negative sign is used to ensure that the largest value gives an optimum value for
the response variable and therefore robust design.
Experimentation and analysis
Selection of control parameters
The following control parameters as given in tab. 7. Were selected for the investiga-
tion since they have influence on the objectives of improving brake power and fuel economy.
More parameters are related to the fuel injection and these parameters were found to be suitable
fortheexperimentandcouldbedonewithavailable engineconfiguration. Fourlevelswerecho-
sen for this investigation.
Table 7. Setting levels for design parameters
Controlled factors Level 1 Level 2 Level 3 Level 4
A: compression ratio 17.5 17.7 17.9 18.1
B: Static injection pressure [bar] 230 220 210 190
C: Injection timing [bTDC] 23 25 27 29
D: Fuel fraction [%] 10 20 30 50
E: Power [kW] 3.64 4.16 4.68 5.2
Selection of orthogonal array
Orthogonal array (OA) is selected based on the minimum number of test runs to be
conducted, which in turn depends on the degrees of freedom. The minimumof experiments can
be found out using the relation N =( L–1) P + 1 where N is the total number of test runs, L – the
numberoflevels,andP–thenumberofdesignandcontrolparameterschosen.TheOAfacilities
the experimental design process by assigning parameters to the appropriate columns. In this in-
vestigation there are five 4-level parameters and these arbitrarily called as parameters A, B, C,
D, and E, to the columns 1, 2, 3, 4, and 5, respectively, for an L16 array. Sixteen trials of experi-
ments are to be conducted, with the level of each parameter for each trial run as indicated on the
array. The L16 orthogonal array is shown in tab. 8.
Setting optimum conditions and
prediction of response variables
The next step in DOEanalysis isdetermining optimalconditions ofthe control param-
eters to give the optimum responses. In this work the response variables to be optimized were
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mized and BSFC and emissions to be reduced as
much as possible. Hence the optimum parameter
settings will be those that give maximum values
ofthe BTHEand minimumvalues ofBSFC,HC,
and NOx. The optimum settings of the parame-
ters were achieved from the S/N tables of the
control parameters.
The optimum value of response variable can
be predicted using the additivity law:
OPT T X T i
i
n
 


()
1
(3)
where T is the overall mean value of the output
response variable for the test runs conducted and
Xi – the design and control parameter value for
the i level of the parameter X.
Results and discussions
Sixteen experiments, following the plan
shown in tab. 8, were performed on the engine
and the results wereshown intab. 9and S/N ratio
is calculated and shown in tab. 10.
Table 9. Experimental results
Factors Compression
ratio
Static injection
pressure
[bar]
Injection
timing
Fuel
fraction
[%]
Power
[kW] BSFC
[kgkW–1h–1]
BTHE
[%]
HC
[ppm]
NOx
[ppm]
Run
number (A) (B) (C) (D) (E)
1 17.5 230 23 10 3.64 0.25 34 30 1572
2 17.5 220 25 20 4.16 0.275 33 60 1300
3 17.5 210 27 30 4.68 0.31 28 74 1057
4 17.5 190 29 50 5.2 0.34 27 200 690
5 17.7 230 25 30 5.2 0.39 24 45 1606
6 17.7 220 23 50 4.68 0.31 29 46 1300
7 17.7 210 29 10 4.16 0.26 34 92 1122
8 17.7 190 27 20 3.64 0.27 33 73 627
9 17.9 230 27 50 4.16 0.31 30 40 1258
10 17.9 220 29 30 3.64 0.37 26 50 1100
11 17.9 210 23 20 5.2 0.27 34 123 1133
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Table 8. L16 OA
Run number (A) (B) (C) (D) (E)
11 1 1 1 1
21 2 2 2 2
31 3 3 3 3
41 4 4 4 4
52 1 2 3 4
62 2 1 4 3
72 3 4 1 2
82 4 3 2 1
93 1 3 4 2
10 3 2 4 3 1
11 3 3 1 2 4
12 3 4 2 1 3
13 4 1 4 2 3
14 4 2 3 1 4
15 4 3 2 4 1
16 4 4 1 3 2Engine performance
Brake specific fuel consumption
Effect of CR. The variation in the BSFC
oftheengineisshowninfig.1.Asshownin
the fig. 1 the BSFC increases with increase
in biodiesel content in the blends. The best
results were obtained at increased CR. The
maximum percentage increase of BSFC
fromthe overall meanis 4.9% when the CR
is 18.1. This shows that increasing the CR
had more benefits with biodiesel than with
high speed diesel. Due to their low volatil-
ity and higher viscosity, biodiesel might be
performing relatively better at higher CR.
Effect of IT. Retarding the start of the
fuel delivery yields a reduction in peak
combustion pressure and temperature. It
can be seen when IT has been advanced
from 23° to 29° bTDC of which 23° gives
the best value. An increase in BSFC by
2.3%. Advancing the ITmeantthe combus-
tion occurred earlier in the cycle and more
fuel burnt bTDC and the peak pressure
move closer to TDC. If the IT is advanced
too much a 2% decrease from the overall
meanvalue is observed .This is due to pres-
sure and temperature in the cylinder might
be too low to cause auto ignition.
Effectofnozzlepressure.TheIP230,220,210,and190barwerechosen toinvestigate
their influence on BSFC. At high IP, the fuel coming out of the nozzle undergoes a throttling
process and droplets end up almost in the vapour phase aiding very good combustion. There is
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Table 9. (continuation)
Factors Compression
ratio
Static injection
pressure
[bar]
Injection
timing
Fuel
fraction
[%]
Power
[kW] BSFC
[kgkW–1h–1]
BTHE
[%]
HC
[ppm]
NOx
[ppm]
Run
number (A) (B) (C) (D) (E)
12 17.9 190 25 10 4.16 0.26 35 134 662
13 18.1 230 29 20 4.16 0.3 30 33 1720
14 18.1 220 27 10 5.2 0.3 31 100 1300
15 18.1 210 25 50 3.64 0.32 29 41 800
16 18.1 190 23 30 4.68 0.35 27 260 625
Table 10. Calculated S/N ratio
Factors BTHE BSFC HC NOx
Run number S/N ratio
1 30.63 12 –29.54 –63.90
2 30.37 11.37 –35.56 –62.27
3 28.94 10.17 –37.38 –60.48
4 28.63 9.37 –46.02 –56.77
5 27.60 8.17 –33.06 –64.11
6 29.25 10.17 –33.25 –62.27
7 30.63 11.70 –39.27 –60.99
8 30.37 11.37 –37.26 –55.95
9 29.54 10.17 –32.04 –61.99
10 28.30 8.63 –33.97 –60.83
11 30.63 11.37 –41.80 –61.08
12 30.88 11.70 –42.54 –56.41
13 29.54 10.45 –30.37 –64.71
14 29.83 10.45 –40.00 –62.27
15 29.25 9.89 –32.25 –58.06
16 28.63 9.11 –48.30 –55.91an improvementin the BSFC.Thus it can be concluded that 210 bar has alittle effect in improv-
ing fuel economy.
Brake thermal efficiency (BTHE)
Effect of CR. In general increasing the CR improved the efficiency of the engine. The
mean BTHE of the engine increased by more than 6% when CR was raised from 17.5 to 18.1.
This improved performance of the engine at higher CR may be due to reduced ignition delay.
The CR 17.9 was to be best.
Effect of IT. It can be seen that BTHE increased with increase in IT in most cases. The
meanBTHEwasfoundtoincreaseby10%whenITwasadvancedfrom23°to29°.Thisimprove-
ment in thermal efficiency with injection advances could be due to the allowances provided by
such advanced timings to the fuel quantities for proper combustion. Thus injection advance was
found to have more effect on improvement of BTHE for the higher percentage of biodiesels in the
blends.
Effect of nozzle pressure. The BTHE was found to decrease at maximumpressure 230
bar whereas at 210 bar it gives the maximum efficiency as shown in fig. 2. Compared to diesel
fuel, the changes inBTHEofthe engine forallfuelblends atdifferent IParedepicted infig.2,it
is minimum at 230 bar.
Hydro carbon
It is seen fromfig. 3. There is a significant decrease in the HCemissionlevel blends of
methylester of karanja oil as comparedto pure diesel. These reductions indicate that morecom-
plete combustion of the fuels and thus HC level decreases significantly. The reduction in HC
emission was linear with the addition of biodiesel for the blends. Advanced injection and com-
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Figure 1. Performance curve for BSFCbustion timing lower the HC emissions this is due to higher cetane number of biodiesel reduces
the combustion delay and such a reduction has been related to decrease in HC emissions.
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Figure 2. Performance curve for BTHE
Figure 3. Hydro carbon emissionsNitrogen oxides
The NOx values for different fuel blends are shown in fig. 4. The amount of NOx pro-
ducedforB10toB50isintherangeof627-1730ppm.Itcanbeenseenthattheincreasingpropor-
tion of biodiesel in the blends increases NOx emissions as compared with diesel. This could be at-
tributed to the increased exhaust gas temperatures and the fact that biodiesel had some oxygen
contentinitwhichpromotesNOxformation.IngeneraltheNOxconcentrationvarieslinearlywith
the load of the engine. As the load increases the overall fuel –air ratio increases resulting in an in-
creaseintheaveragegastemperatureinthecombustionchamberandhenceNOxformation,which
issensitivetothetemperatureincrease.DuringadvancementofITfrom23°to29°bTDCtheNOx
emissions increased. This could be due to the following fact: in-cylinder charge temperature and
pressure decreased with an advancement of the IT resulting in extended ignition delay of the in-
jected fuel. Increasing the IP from 190-230 bar increases the NOx formation.
Optimal combination of engine
performance parameters
BTHE
For the engine performance, the response variable BTHE was higher-the-better. The
criteriaforoptimizationoftheresponseparameterswasbasedontheHigherthebetterS/Nratio.
The experimental results were substituted in eq. (1). to calculate the S/N ratios for all re-
sponse variables and it is shown in fig. 5.
From the value the optimization the engine parameters were obtained. CR-17.9,
IP-210 bar, IT-23° bTDC, Blend –B10, Power –4.16 kW. Fromthe eq. (3) the value of BTHE is
calculated OPT BTHE = Ybar + (Abar3- Ybar) + (Bbar3- Ybar) + (Cbar1- Ybar) + (Dbar1-
Ybar) + (Ebar2-Ybar). The value of BTHE is 37%.
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Figure 4. NOx emissionsBSFC
The experimental results were substi-
tuted in eq. (2). To calculate the S/N ratios
forall response variablesand it isshown in
fig. 6. From the value of optimization the
engine parameters were obtained.
CR-18.1, IP-220 bar, IT-29° bTDC, Blend
–B30, Power–5.2 kW. Fromthe eq. (3)the
value of BSFC is calculated BSFC = Ybar
+(Abar3-Ybar)+(Bbar1-Ybar)+(Cbar3-
-Ybar) + (Dbar4- Ybar) + (Ebar1-Ybar).
The value of BSFC is 0.3107 kg/kWh.
Emissions HC
The experimental results were substi-
tuted in eq. (2). To calculate the S/N ratios
for all response variables shown in fig 7.
Fromthe value the optimization ofengine pa-
rameters were obtained CR-18.1, IP-190 bar,
IT-23° bTDC, Blend –B30, Power 5.2 kW.
The value of HC is 45 ppm.
Emissions NOx
The experimental results were substi-
tuted in eq. (2). to calculate the S/N ratios for
all response variables shown in fig. 8. From
thevalueofoptimization theengineparame-
ters were obtained. CR-17.5, IP-230 bar,
IT-29° bTDC, Blend –B20, Power 4.16 kW.
The value of NOx is 318 ppm.
Multi-optimization techniques
The single objective optimization gives
different results and shown in tab. 11. To
obtain an optimal combinations of engine
parameters considering performance and
emissions multi-optimization techniques is
used. The weighting factor (W) of each re-
sponse variable is given in tab. 12.
The sum of the W for all the response
variables should be unity and the weighing factor for all of the response variables should be
unity and the W assigned to each particular response variable is determined on the basis of its
relativeimportance.InthispresentexperimentalworktheWforeachresponsevariableassumed
asgiven in tab. 12. The Wplays averyimportantrole in this type ofanalysis. Forthe output per-
formance variables there are two parameters of engine performance and emissions. Equal
weightsweregiventoperformanceandemissionsi.e.0.5.TheBTHEwasmorecriticalparame-
terthereforeaWof0.3wasassignedandavalueof0.2forBSFCamongstthetwoemissionvari-
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Figure 5. Shows the value of S/N ratio for BTHE
Figure 6. Shows the value of S/N ratio for BSFC
Figure 7. Shows the value of S/N ratio for HCables a (W) of 0.25 for NOx and HC. The ex-
perimentalresultswereusedtocalculateS/N
ratios for all the response variables.
The S/N ratios is calculated using the equa-
tion:
S/N = W1 SN1+W2 SN2+
+ W3 SN3+W4 SN4 (4)
Using eq. (4) it can be observed that A2,
B 1 ,C 3 ,D 2 ,a n dE 1 ,i. e. CR – 17.7, IP – 230
bar, IT – 27° bTDC, B20, and BP – 3.64 kW
is the optimal combination which achieves
multiple – performance characteristics of the
engine. The values of response variable are shown in
tab. 13.
Confirmatory test
After selecting the optimal levels of the engine, the fi-
nal step is to verify the results using the optimum design
parameter levels in comparison with standard engine pa-
rameters with biodiesel fuel. A confirmation test for the
combined objective is conducted by choosing the five de-
signandcontrolparametersasfoundinmultiobjectiveop-
timization. Thus for the engine the optimumset for conditions may be stated as A2, B1, C3, D2, and E1
which is the optimum for the combined objective of minimizing both the fuel consumption and emis-
sions. The confirmation test was conducted with optimized parameters given in tab. 14.
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Figure 8. Shows the values of S/N ratio of NOx
Table 11. Optimum parameter for each response variable
Controlled factors BTHE BSFC HC NOx
A: Compression ratio 17.9 18.1 18.1 17.5
B: Static injection pressure [bar] 210 220 190 230
C: Injection timing [bTDC] 23 29 23 29
D. Fuel fraction [%] 10 30 30 20
E. Power [kW] 4.16 5.2 5.2 4.16
Table 12. Weighing factor of
single objective optimization
S. no. Response
variable
Weighing
factor
1 BTHE 0.30
2 BSFC 0.20
3N O x 0.25
4 HC 0.25
Table 13. Values of response variable
S. no. Responsevariable Values
1 BTHE 32%
2 BSFC 0.298 kg/kWh
3N O x 1249 ppm
4 HC 24 ppm
Table 14. The comparison of the prediction and confirmation between the
initial and the optimal conditions
S. no. Response
variable
Predicted value at optimum
condition using Taguchi
Confirmation test value at
optimum condition
1 BTHE 32% 31%
2 BSFC 0.298 kg/kWh 0.30 kg/kWh
3N O x 1249 ppm 1300 ppm
4 HC 24 ppm 28 ppmConclusions
The Taguchi’s approach analysis has been carried out for optimizing the performance
ofkaranja biodiesels engine. The various input parametershave been optimized using SNR.The
higher-the-better quality characteristic has been been used for maximizing the BTHE and
lower-the-better has been used to minimize the BSFC and emissions. The CR was found to be
the most significant parameter followed by IT. Based on this study, it can be concluded that
BTHE, BSFC, and emissions of diesel engine depend upon biodiesel blend, CR, nozzle pres-
sure, and IT. It was found that a diesel engine operating at a CR –17.7, pressure 230 bar, IT of
27° bTDC, biodiesel – diesel blend B20, and brake power –3.64 kW achieves the optimum en-
gine performance. The results are well supported by the findings of our confirmatory test.
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